Abstract-In a world that appears primarily to be motivated by a worship of the false idol of profit, there can be little doubt that the era of automated road vehicles is upon us. Indeed, such technologies have already begun to percolate into the bespoke vehicle domain and what becomes feasible in the special case is a prime candidate to penetrate into the more general circumstance. Within a period of mere decades, will it be the case that we will look back upon the manually controlled vehicle in the same manner that we now look upon the manually operated elevator, as a piquant anachronism or the particular domain of a specialized segment of the antiques trade? But, before we achieve even the first degree of true "automobility" we shall have to pass through a hybrid stage of development in which the role of the individual human driver will have to evolve substantively. During this phase of evolution, the population of vehicles on the road will be best described as 'mixed equipage' (i.e., dynamically changing combinations of automated and manually controlled vehicles). Whether such differing capacity vehicles will be separated in either space (e.g., lanes devoted to automatic vehicles) or time (e.g., blocks of time when only manual vehicles are permitted on a specific roadway), is a question which must concern all who attend this important inception. If differing capacity vehicles are allowed to 'mix,' a critical element of acceptance for example, will be how automated vehicles deal with drowsy, fatigued, or otherwise impaired drivers exercising traditional manual control. After exploring this specific strand of hybrid development and innovative forms of vehicle control from a human factors perspective, and briefly considering the parallel development of diverse robotic systems, I conclude my present discourse by asking the provocative question which may be expressed as follows. While we can develop such automated systems, should we in fact pursue this line of development? The latter questions are intimately bound up in the notions of safety, efficiency, choice, freedom, and our prospective overall social and individual quality of life. Whether these latter questions ever enter into the primary scientific and engineering discourse about the coming technological wave of automation I considered rather doubtful.
I. INTRODUCTION
It is now some decades ago that the penetration of advancing technology was advocated to re-energize the transport systems of the world. In the U.S, such innovations were at least partly motivated by the fact that the initial impetus of transportation investment in the national freeway system, begun by Eisenhower, had essentially reached its natural saturation point and a 'new' dimension had to be found to persuade society to invest further in the behemoth of transportation funding [1] . Parenthetically, such 'new' apportionment of resources largely left vital infrastructure maintenance underfunded which now provides a putative politico-economic crisis so beloved of the chattering media. At one and the same time, the twin (but under-specified) motivations of efficiency and safety were invoked to propel the integration of mostly computer-mediated technologies into the design and manufacturing processes of vehicles and the associated infrastructure. As I shall discuss, these developments were fuelled by 'market forces' but in reality represented vendor's aspirations to generate profit from their differing 'innovations.' The underlying issues were largely and even understandably over-ridden by the natural desire of science to 'break new ground' and of technologists motivated to 'solve highly interesting and challenging problems,' rather than questioning what the fundamental nature of the transport problem was in the first place. Servo-mechanistically, the greater the technical capacities that were created, the larger the population of vehicles grew and the greater the associated death and injury. It is a tribute to the creativity of the technologists' art that fatality rates, and to an extent injury rates also, have not burgeoned at the proportionate rate that may have been anticipated. Today we are faced by the next step along this 'road' to our future in which the primary proposal is to remove the human driver from the active control loop. For this there are precedents, but sadly none of which sufficiently reflect the complexity of the ground transport system.
II. OUT OF THE LOOP
Among others, Parasuraman and his colleagues [2] have remarked that "Automation doesn't replace human performance, it changes human performance" (see also [3] ). The issue has been highlighted by an inadvertently useful insight from a recent commentary on a European manufacturer's efforts to introduce increasingly automated vehicles. While the manufacturers themselves opined that: "The driver can override or deactivate the (automatic) system at any time and must continually monitor it." The more local commentator concluded that; "In other words, don't take a nap or make a phone call while the car is in motion, because any accident is your responsibility." Herein lies the very essence of the automation transition issue. That is, the vehicle is in control but the driver remains responsible. The combination of responsibility without authority is a formula for extreme stress (see [4] ) and will not be one welcomed by the purchasing public. Even without this intrinsic dissonance, the remaining human role as one of monitor is highly problematic. I have argued that human beings are 'magnificently disqualified' for these sorts of prolonged vigilance envisaged by some forms of hybrid ground-vehicle control [5] . Even the periodic injection of the driver into the active control loop is not without its own significant issues [6] . Further, as a simple maxim we can posit that: If you build vehicles where drivers are rarely required to respond, then they will rarely respond when required. Although this mixed form of supervisory control has been evident in aviation for some time, the dynamics and temporal constraints of ground-vehicle operations make it much more challenging than a simple technology transfer exercise from air to ground. Indeed, it may be argued that any form of human interference (except in the most benign circumstances of one's own driveway for example) may well prove catastrophic in such automated ground vehicle operations. This is especially so if automated vehicles are not divided in some way from current manual functioning vehicles (e.g., in dedicated automation lanes). The sorts of vehicle-to-vehicle (V2V) and vehicle-toinfrastructure (V2I) information exchange that is readily anticipated to occur will simply defeat the capacity of human over-ride intervention, however well-intentioned. Some will then argue for the 'quantum leap' which means drivers becoming passengers. Do such vehicles still present the pretense of control interfaces? Will there be steering wheels and foot pedals despite the fact that in reality manual over-ride is effectively impossible? This issue recapitulates some of the self-same problems in the design of automation in aviation, from whose lessons we will need to learn as quickly and effectively as we can, bearing in mind the respective differences in contextual action. In the same way that we cannot yet envisage getting into commercial aircraft without human pilots, will there be the same resistance to driverless cars or could the answer truly be context contingent? That is, current users do not think twice about getting on to controllerless elevators, escalators, people-movers, and even airport trams. Is this reticence then a generational issue; or a reliability issue? One critical question for acceptance in the times of transition will be that of trust.
III. CAN YOU TRUST YOUR CAR-BOT?
Vehicles of the sort proposed for fully automated control will simply be forms of robot. As re-programmable expressions of automation, they will share many of the characteristics of current robots with the one obvious exception of anthropomorphic structure [7] . At present, the degree to which humans trust robots appears predominantly contingent upon the relative level of robot reliability (see Figure 1 ). While it can be anticipated that environmental factors and attributes of the individual human user will exercise greater influence in the coming months, years, and decades, this observation suggest that primary penetration of automated vehicles into the near-term market will be directly 
IV. WE CAN BUT SHOULD WE?
To Americans, at the very least, the automobile has traditionally been not only a utilitarian device. Although it largely serves as such, the car in America symbolically represents much more. We might even draw a parallel between the Tower of London's "Ceremony of the Keys" and its equivalent ritual in the U.S. Indeed, where do most individuals experience their first taste of full autonomy than when given the keys to the family car and permitted to 'fly solo?' Equally as emotional is the decision to then remove the keys from an older parent, an aged family member, or acquaintance who is now "grounded' within a Society that takes mobility as an integral component of personal liberty. Illich would claim that technology under user control is somewhat convivial by nature while technology beyond our immediate control is much less so [9] . This dichotomized may pre-shadow a larger bi-furcation which may be most simply expressed as; either you control technology or it controls you. It is emblematic of a dissonance between people's desire to be cognitively efficient (i.e., lazy) and their need to exercise selfdetermination (i.e., the will to power). These are complex issues that go well beyond concerns for sensors, software, and mere technical solutions.
Our vehicles also prove to be extensions of ourselves. Often personalized, pampered and treated with great care, individuals often get angry and aggressive if this material extension of themself is threatened. As well as the personal vehicle as a critical adjunct of self, think also of the pride of ownership of that first 'new' vehicle. Thus, radically altering people's relationship with their vehicle is not merely a technological change. Rather, it is one that necessitates the incorporation of understanding from social psychologists, ethnologists and political scientists (at least) into the team that looks to initiate such transition. Therefore, as well as simply serving as the technology that transports from origin to destination, for good or bad motor vehicles in the U.S. are integrally woven into the fabric of society and changing them substantively cannot help but change that society also. But automation offers vistas of opportunities that manual driving cannot perpetuate. Now, the elder citizen need not be bound by their failing control capacities, nor are the technology adopters going to be nostalgic for forms of manual control they have never exercised. Each of these sides needs to be careful examined as we pose the very simple question that even if we can technically automate the modern day vehicleshould we? Designers, manufacturer's technologists and engineers who are intimately involved in the technical challenges are, by and large, poorly equipped to address such a broad-ranging social, moral, and political issue.
V. BRIEF CONCLUSIONS
Automobility is coming toward us, to a large degree, whether we like it or not. The primary co-variant of trust in such automated robotic systems (at the present time) is reliability level. Regardless of how well any such automated system operates overall; the modern media will focus disproportionately on any form of failure down to the level of single incidents. Indeed such failures must be anticipated and expected. One empirical question that necessitates vital research at this present time is the establishment of appropriate epidemiological baselines for the dimensions of current, manually-operated vehicle performance such as transit time efficiency, system downtime, injury and fatality. Such accepted foundations will provide the benchmark against which to compare provable gains following automation introduction (assuming they do provide such gains). Of course, embedded in the fundamental challenge of generating these baselines appropriately will be the implicit need to engage in the 'invidious calculus of utility' intrinsic to all such comparisons. It will be little comfort to the family of specific victims in the first 'automated' collision that an overall system improvement is experienced. And, we must not anticipate that human society will act in a rational manner toward such political eventualities. Epithets such as 'the greatest good for the greatest number' work rather well as both sound-bytes and heuristics but rather poorly as real algorithms. It is at this juncture that science must exercise its effects and, even though the specific means of science effecting its actions on the political process have been diluted and discounted in recent decades, it must provide the determinative information.
